Although the digital revolution only started towards the end of the twentieth century, it has already dramatically shifted our world away from traditional industries and ushered in a new age of information. Virtually every aspect of our modern lives has either been transformed or challenged, including medical education. This article describes three of the important factors that are causing seismic changes in medical education in Scotland and abroad. The first is the new generation of 'digital natives' that are arriving in medical schools. In response, faculty members have had to become 'digital immigrants' and adapt their pedagogies. Second, the rise of social media has allowed the creation of virtual learning environments and communities that augment but also compete with traditional brick-and-mortar institutions. Finally, an ever-increasing range of e-learning resources promise freely accessible and up-to-date evidence, but their sheer volume and lack of standardisation will require careful curation.
In the span of only one human generation -an evolutionary blink of an eye -digital technology has sprouted from tiny seeds and flourished to such an extent that hardly any aspect of our lives, society or culture remains untouched or unchanged. In the next 60 seconds on the internet people around the globe will send seven million messages, conduct four million Google searches and watch 160,000 hours of video, among other things. Each and every minute after that they will increase their use of the internet, which means that in five years from now digital and mobile traffic will have increased at least 13 times. 1 Health care and medical education are not immune to the pervasive digital transformation, although they have arguably succumbed to its lure of enhanced efficiency much later, and therefore lag behind other industries in this regard. The traditional Socratic method of didactic classroom-based teaching in combination with apprenticeship-style clinical training successfully underpinned most medical education systems worldwide for hundreds of years with only an occasional cosmetic 'nip and tuck'. Then, during the last few years, at least three important factors caused seismic changes in medical education in Scotland and abroad: (1) a new generation of 'digital natives' arrived in medical schools; (2) the rise of social media allowed the creation of virtual classrooms and communities; and (3) an increasingly wide range of e-learning resources are available. The factors are discussed below and their potential challenges, benefits and opportunities are summarised.
Factor one. Digital natives require a different pedagogy
The millennium generation, generation 'y' or 'digital natives' include those people born since the dawn of the digital age in the early 1980s. They were raised amidst technology, for example >80% of children younger than five years use the internet, and the vast majority learnt in collaborative, technological classrooms at school. 2 They are active consumers of information and easily 'bored' with traditional medical curricula delivery. Digital natives therefore require shared ownership of on-demand and interactive learning. While student-teacher interactions remain important, they often learn as much or more from student-student and student-content interactions 3 , which is a cornerstone of problem-based learning (PBL).
Technology in general and mobile devices in particular has enabled self-directed PBL by allowing students to set and address learning objectives within short timeframes. These devices allow easy access to high-quality information at any place or time while reducing the educational carbon footprint. However, the devices also tempt and distract by offering access to unrelated and personal data, searching for information can displace valuable discussion time and plagiarism has increased. Medical educators have responded by developing guidelines for the appropriate use of mobile devices 4 and software packages such as 'Turnitin' to help detect plagiarism in submitted assignments. 5 These examples demonstrate that, while investment in technology is important, it is only one component in the tacit change in culture that is required to shift paradigms in medical education.
Digital immigrants, e.g. the vast majority of medical educators, metaphorically speak an outdated language and therefore struggle to teach the natives who speak an entirely new language. This requires a paradigm shift to a new pedagogy in medical education from 'instruction' to 'learning'. Medical educators no longer only impart knowledge but have to facilitate learning and elicit students' discovery and construction of knowledge. In other words, teaching and learning 'blended', instruction has become learner-centred, non-linear and self-directed and the emphasis is on professional competency and not simply coursecompletion.
Factor two. Virtual learning environments
Medical education is increasingly delivered in 'virtual learning environments' (VLEs). VLEs are enabled by social media technology, e.g. forms of electronic communication through which users create online communities to share information, ideas and other content. The technology is flexible, responsive, engaging, inclusive and familiar to the vast majority of students, given that >90% have Facebook profiles. 6 If traditional medical schools and classrooms can be conceived as walled gardens, then VLEs are created by removing these walls and joining up gardens around the world into virtual 'medical schools' and 'global learning networks' without geographical borders. This 'networked learning paradigm' means it is possible for students to freely collaborate and share resources anytime and anywhere by connecting with other learners, potential teachers and experts around the world.
Three examples of VLE collaborations are: (1) PeerWise; (2) Massive Open Online Courses (MOOCS); and (3) Free Online Access Medical Education (FOAM). PeerWise is a question databank for students from the University of Dundee in which they create, share and discuss assessment questions. The formal repository of questions from previous examinations is helpful to students but increases the workload of medical educators who have to continually create new assessment tasks.
MOOCS is a collection of freely available online courses offered by the 'best universities and entities' since 2008. 7 The potential advantages of collaborations like MOOCS and FOAM are to: increase knowledge retention through spaced repetition; provide updates about the newest evidence; allow virtual participation in medical conferences; give insights into the clinical reasoning processes of colleagues and experts; and obtain rapid feedback on ideas. However, it has been argued that these collaborations may have already 'peaked' as '. . . they came; they conquered very little; and now they face substantially diminished prospects.' 8 Factor three. E-learning E-learning uses internet technologies and multimedia to enhance or deliver medical education. It has been proposed as a potential solution to the current challenges of the 'four horsemen of the medical education apocalypse'. 9 The first challenge is increasing shortages of suitable patients for clinical teaching purposes. The second challenge is training the larger medical student cohorts required because of current and predicted clinician shortages with a static or decreasing number of medical educators. The third and fourth challenges are financial disincentives and conflicting systems (unnecessary variation between different medical schools).
E-learning has many potential benefits, including: curricula content and delivery can be adjusted according to students' requirements; simulation of processes and rare events allows real-time experiences for learners in safe environments; evidence-based medicine concepts and applications can be taught in a cost-effective manner in developed 10 and developing countries 11 by enabling one faculty member to interact with many students; and curricula can be standardised and shared at national levels. There are many types of medical education e-learning resources: data repositories, blogs, podcasts/vodcasts, dedicated applications (apps) and 'news feeders'. A small selection of specific examples include: BMJ learning, iTunes, YouTube, Xpert, the Health Education Assets Library (HEAL), Pulse and Flipboard.
The value of e-learning can be increased by recognizing and addressing a number of potential challenges and problems. Anonymity cannot be guaranteed, digital footprints remain visible for a very long time and are almost impossible to delete. Given the sheer volume of data, digital natives and immigrants have to critically appraise the validity, reliability and usefulness of the information they uncover. Finally, while e-learning may reduce some medical education costs, high-quality resources do require effort, time and financial investment -and ongoing investment -to ensure it is relevant and useful to its intended users.
Conclusion
Much has changed in recent years, but the primary aims of medical education are still the same, namely the effective transfer of knowledge and the development of skills and attitudes in aspiring clinicians that will enable them to deliver safe, quality care to all patients. It has been said that physicians of tomorrow are taught by teachers of today using curricula of yesterday. In the digital age physicians from yesterday, today and tomorrow are increasingly able to freely share their learning and experiences with each other in real time using a dizzying array of methods. As a result, medical education is rapidly evolving in Scotland and abroad to better reflect and meet the requirements of the digital natives and immigrants that now co-inhabit this exciting new world.
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